transverse dimensions of the laser are determined by application of a mask on the active region before the implantation of said doping impurities around said ac tive region, thus avoiding the conventional step of chemical etching with its detrimental effects on the expected lifetime of the finished laser. The construction of the laser of the invention allows to optimize sepa rately the characteristics of optical confinement (along the axis of propagation of the laser light) and of confine ment of the charge carriers in said active region (per pendicularly to said axis of propagation). The thick nesses of the layers of a first distributed Bragg mirror and of the layers of said active region (quantum wells and intermediate layers or superlattices) are chosen so as to optimize the gains (in each quantum well) and to minimize the losses (in particular in said mirror) so as to optimize the threshold current and the energy effi ciency of the laser. The invention also relates to lasers implemented in accordance with said method. Such lasers are particularly well suited to the use as arrays of laser diodes, individually controlled or not.
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METHOD OF IMPLEMENTATION OF SURFACE-EMISSION SEMECONDUCTOR LASERS, AND LASERS OBTAINED BY THE METHOD BACKGROUND OF THE INVENTION
The present invention relates to the methods of im plementation of surface-emission semiconductor lasers, and to the lasers thus implemented.
The method according to the present invention can be advantageously used for implementing several lasers on a single substrate, thus forming a laser array. Ac cording to a characteristic, these lasers can be individu ally controlled. A semiconductor laser is essentially constituted by an active medium, or "lasing medium', of the crystalline type in which the light is emitted by radiative recombi nation of the electrons and holes. The active medium is placed in a resonant optical cavity formed by two re flecting mirrors of which at least one is partially trans parent to allow a portion of the light emitted within the optical cavity to output from this cavity. Electrons and holes are introduced in the active medium by regions of the n type and of the p type which are disposed in contact with the active medium.
Several variants of semiconductor lasers are known from the prior art and use various active media, various mirrors, various p and n materials, various sizes and various geometries However, the basic principles are the same in every case. The active medium can be based, for example, on gallium arsenide (GaAs), indium phosphide (InP), or other III-V compounds; or alternatively certain II-VI or IV-VI compounds could also be used as active me dium although their technology is less mature. The main point is that the active medium must have an electron energy forbidden band narrower than the forbidden band of the adjacent n and p materials which provide the electrons and the holes, respectively.
The mirrors may be made of (conductive) metal or of dielectric multilayers or of semiconductors. In some implementations, a mirror can also be used to supply current to the active medium.
The constraints of the approach chosen for imple menting a semiconductor laser will have repercussions on cost and yield, on the reproducibility and reliability of the implemented lasers, and on the energy efficiency of the lasers, then on the current consumption, the ther mal dissipation and the lifetime of the lasers.
In general, it is desired to fabricate a laser with a highest possible gain for a given current, or a lowest possible threshold current for a given gain. In this re spect, the multiple quantum-well (MQW) laser exhibits definite advantages because the threshold current is reduced proportionally to the volume of the active region.
Roughly, one must inject about 107A/cm3 of current in the active region to trigger laser action. For a layer of 0.1 micron, for example, the threshold current is on the order of 103A/cm2. In a conventional laser with double heterostructure, the thickness of the epitaxial layers in the active region is of about one to a few hundreds of nanometers. In a MQW laser, the active layers have a thickness of a few nanometers and the density of the threshold current is decreased by about an order of magnitude. However, to benefit from this advantage, it is neces sary to implement a MQW laser with very low losses and consequently with very good mirrors. In addition, the crystalline structure of the active medium must be perfect: any mesh defect condemns the laser to prema ture failure.
This leads to the use of epitaxial or single-crystal growth methods such as, for example, those of metallo organic chemical vapor deposition (MOCVD) or alter natively that of molecular-beam epitaxy (MBE) so as to control the thickness of the epitaxial layers to within an atomic layer while achieving a lattice mesh defect level as low as possible. Other growth methods can be envis aged but are not yet fully validated in industrial prac tice, such as chemical-beam epitaxy (CBE) and molecu lar-beam epitaxy of metallo-organic compounds (MOMBE).
On either side of the active medium, mirrors are placed so as to create a cavity in which the laser light is amplified. At least one of the two mirrors is semitrans parent so that it is possible to extract a portion of the optical power from within the cavity toward outside for Se. For the MQW lasers with surface emission, very good mirrors are required to obtain losses as low as possible within the cavity.
The mirrors may be a metal directly deposited on the layers of the active region, or alternatively a dielectric, therefore insulating. In the present invention, a non limitative preferred embodiment uses mirrors formed by a stack of various layers of dielectric to form a so called "Bragg mirror'. In a Bragg mirror, each layer of dielectric with a thickness of a few tenths of a micron only, is highly transparent. Stacking alternate layers of different compositions and index of refraction causes the reflection of light in the interfaces between these single-crystal layers obtained by epitaxial growth, due to the difference in refractive index. In the case of epi taxially grown heterostructures with a lattice incoher ence between the compounds constituting the succes sive layers, the latter may be constructed as superlat tices where the lattice incoherence is insufficient to cause the creation of defects in the interface of the lay ers of different compounds, provided the layers are sufficiently thin (a few atomic layers).
The emitted light is constituted by photons produced by the radiative recombination of the electron-hole pairs. The charge carriers-electrons and holes-are supplied to the active region by n and p materials lo cated in the immediate vicinity and in physical contact with the active region. In order to obtain a maximum efficiency, the distance to be traveled before recombina tion for a hole as for an electron must be shorter than one carrier diffusion length, that is about one to a few microns. This parameter may be determining for the maximum size of the active region.
Also, in order to optimize the efficiency of the laser, it is necessary to minimize the losses due to non-radia tive recombinations which take preferably place on the free surfaces of the active region.
Laser amplification by stimulated emission of radia tion is obtained through the presence of the photons in the active region, which photons must be confined to the active region to obtain this amplifier action. The photons are confined by the mirrors in the direction of emission (perpendicular to the surface of the laser in the case of the present invention); photons with any other direction of propagation are not confined and conse 5,204,870 3 quently are not amplified. In other words, only the emission occuring in the desired direction is stimulated, thanks to the presence of a population of photons in the corresponding quantum state.
Sending back the photons in the active region by mirrors produces a feedback which reinforces the emis sion of identical photons and consequetly the amplifica tion of light in the active region. This sending back of the photons can be obtained by means of mirrors which consist of several transparent layers with different re fractive indices, the feedback being then a so-called "distributed feedback' and the mirrors are referred to as "distributed Bragg reflectors'.
But sending back the photons can also be obtained by means of partial reflections between the layers within the active region itself. The laser is then called a "dis tributed-feedback laser'.
To sum up, we have seen that, to implement a solid state laser, for one thing, it is necessary to provide charge carriers (electrons and holes) to an active region where they will be confined until their radiative recom bination and, for another thing, the resulting photons must be confined in the active region a sufficiently long time to obtain the stimulation of emission.
The first problem encountered in the implementation of surface-emission lasers is to confine the photons and the carriers in the active region, whereas the direction of current and that of light emission is the same in most CaSCS.
A first approach known in the prior art from the French patent No. 88 16215, for example, is to have the current come from the sides of the active region so as to be able to optimize in an independent manner the opti cal and electrical designs as in conventional lasers with emission through the edges.
Other approaches are also known from the prior art, but each of them has disadvantages. The first arrays of laser diodes with surface emission have been imple mented at Bell Laboratories, in Holmded, and at Bell core, in Red Bank. To decrease the volume of the active region and consequently the threshold current, the la sers implemented in great numbers on a single substrate (up to 2 million lasers per square centimeter) are sepa rated and their diameter defined by a deep anisotropic etching (up to 5 microns depth for lasers of 1 to 5 mi crons in diameter). The main problem of this method is that the lasers are in contact with air on the sides (they have the shape of a vertical cylinder with the axis paral lel to the emission). Etching tends to deteriorate the lattice structure of the etched portion and leaves lattice defects on the edges of the active region.
Moreover, the non-radiative recombination is stron ger on the free sides of the active region. Finally, for the integration into an array, possibly with individual con trol, it is desirable to fill the voids between the lasers, up to planarization. This could increase the cooling of the lasers, and also serve as a support for the control electri cal traces; in addition, non-radiative recombinations should be reduced proportionally to the reduction of the free surface area.
In the prior art, two methods are known to fill the voids between the lasers. One method consists in a pla narization carried out on the plate comprising the array of lasers by depositing a material by epitaxial growth methods, for example. Such a method turns out to be difficult to implement, for the depth to be filled is of about 5 microns, whereas the width of the voids be tween the lasers is often of about 1 to 2 microns only. Another method known from the prior art consists in implementing the laser by the epitaxy methods men tioned above and then to create sources of holes and electrons on either side of the active region through diffusion of impurities ("dopants') p and n, respec tively, in the material surrounding the active region.
This method is described in the French application for patent having the French number 88 16215 filed by the present applicant.
In accordance with this method, the p and n impuri ties are diffused, each respectively in a half-shell sur rounding half of each laser diode. This method has the disadvantage of requiring several (at least two but possi bly more) steps of implantation and diffusion of impuri ties in accordance with a precise and alternate geome try.
SUMMARY OF THE INVENTION An object of the present invention is to remedy the disadvantages of the method of fabrication of surface emission lasers of the prior art. More specifically, the method according to the present invention is intended to simplify the processing steps and to reduce their number, thus decreasing the fabrication cost while in creasing the yield, and while ensuring a better perfor mance of the lasers thus fabricated: gain, threshold cur rent, electrical power consumption, reproducibility, reliability, durability, etc.
To these ends, the present invention proposes a method of fabrication of surface-emission laser diodes comprising mainly the steps of: epitaxially growing on a single-crystal substrate a sin gle-crystal Bragg mirror, the substrate and the mirror being n-doped; epitaxially growing at least one single-crystal layer of a first compound with a forbidden band E2; possibly epitaxially growing a single-crystal layer of a second compound with a forbidden band ESE2; epitaxially growing a single-crystal multilayer active medium having transverse dimensions greater than those of the active medium of the laser to be obtained; this growth may be designed to obtain a plurality of quantum wells, for example, or on the contrary, to obtain a superlattice of various compounds but with lattice coherence, or alternatively, it is possible to alternate the two structures;
epitaxially growing a single-crystal layer of a com pound with a forbidden band ESE2; possibly epitaxially growing a single-crystal layer of a first compound with a forbidden band E2; locally masking the surface of the last epitaxial layer to define the lateral dimensions of the active region; implanting and/or diffusing p-type impurities in the region surrounding the active region, outside the region masked by the preceding step, to a depth reaching the first epitaxial layer with a forbidden band E2;
depositing metal ohmic contacts on the last epitaxial layer and under the substrate; depositing a semitransparent mirror over the active region, for example a dielectric multilayer mirror made up of alternate layers of SiO2 and TiO2.
The order of the steps is indicated for a non-limitative preferred embodiment, but does not exclude the imple mentation in a different order or with additional steps to the method of the present invention. Moreover, the first and the second epitaxial layer can be made of a single compound and, therefore, be a single layer.
5,204,870 5 The method according to the present invention thus allows to simplify and substantially reduce the number of steps to be performed to implement a surface-emis sion laser diode, while ensuring the best performance of the device thus obtained. The optical cavity, as well as the active region, may be made in a single hetero epitaxy step, considerably simplifying the fabrication of a surface-emission laser. In addition, the method is par ticularly well suited to the fabrication of two-dimen sional arrays of laser diodes, permitting new applica tions such as high-density and high-rate parallel optical links within future-generation supercomputers.
BRIEF DESCRIPTION OF THE ORAWINGS
Other features and advantages of the present inven tion will become apparent from the following detailed description of preferred embodiments given as a non limitative example with reference to the accompanying drawings, in which: 
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIG. 1 , it can be seen that the active region 10 of a laser diode is flanked by a p-type material 11 and a n-type material 12. The p-type 11 and n-type 12 materials respectively provide holes and electrons to the active region where they will be recombined while emitting light.
By way of example, the active region 10 may be made of GaAs, the p region 11 of Ga1-xAlxAs, and the n region 12 of Ga1-AlAs, where x and y are values between 0 and 1.
Referring to FIG. 2 , it can be seen that the active region 10 of a surface-emission laser diode is placed in an optical cavity which consists of two mirrors M1 and M2, of which at least one M1 is partially transparent to let the laser light hv output along the axis of the active This can be achieved, for example, with GaAs layers alternated with GaAlAs layers, or alterna tively with a stack of dielectric layers such as SiO2 alternated with layers of TiO2, for example. In a variant of the prior art, the mirrors M1 and M2 may be partially or fully implemented within the active region itself.
Referring to FIGS. 3a and 3b, an example of a laser diode known from the prior art is shown . FIG. 3a shows the implementation of successive epitaxial layers on the substrate 18, for example made of GaAs n-doped to a concentration of about 1018/cm3. In the examples described with reference to the figures, there is mainly used GaAs and GaAlAs to form the successive layers of the active region, but other binary, ternary or quater nary compounds of the groups III-V, II-VI or IV-VI may be used indifferently to implement the present invention. A few examples of possible substitutions could be InP, GanAsP, GaAs.InP, ..., PbSnTe.
In FIG.3a, the first epitaxial layer 15 can be seen that will be, for example, made of GaAlAs and doped to a concentration of about 1018/cm3 as the substrate. The second layer 17 is also made of GaAlAs in this example, but n-doped. Over this second layer 17, the active region 10 is formed thereafter. The structure of the active region is shown in detail in FIG. 3b. On the active region 10, a third epitaxial layer 19 made of GaAlAs is deposited and p-doped. Then, a fourth epitatial layer 11 made of GaAlAs is formed and p-doped. Finally, a fifth epitaxial layer 13 made of GaAlAs is formed and pit-doped.
The compositions of the layers flanking the active region are chosen so as to obtain a forbidden bandwidth larger outside the active region 10 than within this re gion to provide the pumping energy to the laser by the carriers from the n-doped and p-doped regions. In the example of FIG. 3 , the active region 10 is made up of alternate layers of GaAS 58 and GaAlAs. 56 such as those shown in the detailed view of FIG. 3b . The thick ness of the layers 56 and 58 is lower than 20 nm, which makes them "quantum wells'.
A quantum well is formed by a region of smaller forbidden band width flanked by regions with a larger forbidden band width so as to confine free carriers in the region with smaller band width. In the quantum wells of very small dimensions, the density of states permitted to the carriers is lower than that in a solid material.
A photolithography step followed by a deep etching determine the transverse dimensions of the finished laser, typically about one micron in width. The Figure  shows the laser in longitudinal sectional view along the propagation axis of the emitted light; the geometry of the laser may be axisymmetrical about this axis, or alter natively, the laser may have a square or rectangular geometry in a plane parallel to the substrate. The trans verse dimensions must be as small as possible, for the lasing threshold current is proportional to the volume of the active region.
Metal ohmic contacts 21, 23 are formed on the ends of the laser to supply the electrical power to the regions providing the free carriers. The contact 23 deposited on the side of the substrate 18 opposite to the epitaxial layers, must also serve as a mirror in this example; it will preferably be made of Au, Ti, etc. The contact provided 7 at the upper portion of the laser, on the tilted sides defined by photolithography, may be made of Au, Ti, Al, etc. Then a semitransparent mirror 25 is deposited on the last epitaxial layer 13. This mirror may be, for example, a dielectric multilayer whose alternate layers have different refractive indices, for example layers of SiO2 alternating with layers of TiO2. FIG. 3 shows schematically an exemplary embodi ment which is probably the simplest construction of the prior art. However, design trade-offs are inevitable in such an arrangement since the electric charge carriers and the photons of the laser light are forced to circulate in the same direction (parallel to the axis of the struc ture), the lateral confinement being substantially pro duced by the transverse dimension of the structure it self.
Referring to FIG. 4 , there is schematically shown another exemplary embodiment known from the prior art in which the diode junction (n-doped and p-doped layers) is rather in the radial direction, perpendicular to the direction of propagation of the laser light. The ac tive region is composed of a succession of alternate GaAs/GaAlAs layers as in the previous case, but this p-type region 10 is flanked laterally by an n-type mate rial 12.
As in the case of FIG. 3 , the substrate is adavanta geously but not exclusively made of GaAs, in this case n-doped to a level of about 2x 1018/cm3. The layer 20, made of n-doped GaAlAs, has the function to stop the etching performed into the substrate after the fabrica tion of the laser in order to minimize the absorption of laser light by the substrate because the mirrors 14 are only partially reflective.
The method of implementation of the confinement region of material 12 uses an etching step to define the active region which is first formed with transverse di mensions larger than the final dimensions, by stacking alternate successive layers of GaAs 58, GaAlAs 56, doped with p-type impurities to a level of 2x1017/cm3.
Selective etching of these layers leaves a column with a diameter of about 5 microns. Then the confinement region, made of GaAlAs n-doped to 2x 1017/cm3, is deposited around the active region to a depth substan tially equal to the height of the column.
The insulating layer 28, made of SiO2, is then depos ited and an annular window 30 is etched down to the upper surface of the active region 10. After diffusion of zinc through this annular window toward the upper surface of the column, an electrical contact 32 made of
Pt-Au-Ti is deposited through a mask, and another electrical contact layer 36, made of Au-Ge, is deposited on the lower surface of the substrate 18.
The example in FIG. 4 is that of a structure that most resembles the structure achievable through the method of the invention, but we will see how much the method of the invention simplifies and reduces the required number of processing steps.
Referring to FIG. 5 , there are shown schematically and in sectional view the first steps of the implementa tion of an exemplary embodiment of a surface-emission. laser diode according to the present invention. The laser may have an axisymmetrical symmetry, being then cir cular in the plane of the epitaxial layers, or may have a rectangular shape in this plane.
A single-crystal Bragg mirror M2 is composed of alternate layers of different compounds obtained by epitaxial single-crystal growth in accordance with the methods known by those skilled in the art on a single crystal substrate 18. By way of example, in a preferred embodiment, the substrate 18 may be made of GaAs, and the Bragg mirror may be made up of alternate lay ers of GaAs and GaAlAs. Of course, other combina tions of different compounds can be chosen among the elements of the groups III-V, II-VI and IV-VI. The layers of the mirror M2 and the substrate 18 will be n-doped, for example, in accordance with methods known by those skilled in the art, to make it possible to move electrons toward the active region in the finished device.
Then, a first epitaxial layer 1 made of a first com pound with a thickness d1 and a forbidden band E2 is deposited on the mirror M2. The compositions of the layer 1 and of the last upper layer of the mirror M2 are chosen so as to allow lattice coherence in their interface to minimize the occurence of defects which would have a detrimental effect on the performance of the finished device. The layer 1, as well as the layers that will foll low, has transverse dimensions larger than those of the active region (the transverse dimensions of the active region, whose extent d is indicated in FIGS. 5 through 8 by dashed lines, are those in the plane of the layers, perpendicular to the direction of propagation of the light emitted by the surface of the laser).
In a preferred embodiment, a second epitaxial layer 2, made of a compound having a forbidden band E2>E1, is formed, again through single-crystal growth with On the layer 2, the active region proper 10 is then formed, again by single-crystal growth and with lattice coherence. The active layer 10, in the case of the pres ent embodiment, is made up of a plurality of quantum wells 8, which consists in stacking several (N) thin (thickness t of about a few nanometers, for example) active layers separated by intermediate layers 6 of about 100-120 nm thickness, for example. These active 8 and intermediate 6 alternate layers, with different composi tions, have transverse dimensions larger than those d of the active region of the finished device.
The thickness t of the active layers 8 is minimized in order to minimize the threshold current that should be injected to obtain laser action, this current being pro portional to the volume of the active region. In a pre ferred embodiment, the thickness of the intermediate layers, as well as the dimensions d1 and d2, are chosen so as to correspond to the wavelength of the laser light confined as a standing wave within the active region by the mirrors; the active layers 8 are placed at the loca tions where the field strength of the standing wave is maximum, the nodes of the wave being located between the active layers 8. This arrangement allows achieve ment of the maximum of light amplification by stimula tion of radiation in the active layers.
In another preferred embodiment, the intermediate layers 6 are made as superlattices. In a superlattice, the lattice mesh of the alternate thin layers, even made of different compounds, has a single value and conse quently will not produce interface defects.
The forbidden band of a superlattice will be approxi mately the average of the forbidden bands of the com pounds forming the alternate thin layers.
The composition of the active layers 8 and intermedi ate layers 6 is chosen so as to obtain the desired wave length of the laser light, for example GanAs and Gal nAsP to obtain a radiation at 1.3 microns. In another 5,204,870 9 preferred embodiment, a stack of alternate GaAs layers and GaAlAs layers is used.
After having deposited the last quantum well of the active region, a last layer 2 with a composition identical to that of the preceding layer 2, may be deposited on the last active layer 8 of the active region; this layer will be formed by the same methods of single-crystal growth. In a further preferred embodiment (not shown) of the present invention, several (M) active layers may be grouped about each field maximum to increase the am plification of the device, but by thus increasing the total active volume (NXMXd2xt), the threshold current is also and correspondingly increased. For this reason, the number of quantum wells NXM is kept to a minimum, taking into account the losses in the device.
Referring to FIG. 6 , there is shown a next processing step which consists in putting a protective mask 3 to protect the active region on the exposed surface thereof. This mask is made of Si3N4, for example, or of Al2O3, or another compound transparent at the emis sion wavelength of the laser and will have the trans verse dimensions d of the final active region. In the preferred embodiment shown in FIGS. 6through 8, this transparent mask will remain in the finished device.
However, in another embodiment, a temporary mask may be implemented, for example made of metal, di electric or resin. This temporary mask may then be removed, after the step of impurities diffusion around the active region, leaving the last epitaxial layer on which the semitransparent mirror M1 would then be deposited.
Referring to FIG. 7 , a next processing step is shown which consists in introducing a doping impurity of the p type through the surface of the device around the active region. The mask 3 is capable of protecting the active region from the diffusion of this doping impurity which can be, for example, Zn or Cd. The diffusion of this doping impurity has also a secondary and signifi cant effect, for the presence of this impurity allows the interdiffusion or migration among the various epitaxial layers, provided they are sufficiently thin, which results in an homogenization of the composition of the region thus diffused. This effect is referred to as impurity in duced diffusion (IID). In an example of composition indicated above, the aluminum in the intermediate lay ers of GaAlAs will be made mobile and will diffuse in the active GaAs layers, thus erasing the structure of the stacked layers in the doped region around the active region. This is indicated in the drawing of the region 111 outside the dashed lines by small points representing impurities (at a concentration of about 101/cm).
In an equivalent variant of the method of the inven tion, the substrate 18 and the mirror M2 are p-doped, and the region around the active region is n-doped. The active layers are made of a compound having a forbidden band width Eo (ElsF2. The diffusion of the doping impurity in the region outside and around the active region causes the interdiffusion of the com pounds of the different layers having forbidden bands Eo and E1 prior to interdiffusion. The value of the en ergy of the forbidden band of the compound resulting from the interdiffusion is the average En of those of the two initial forbidden bands E1 and Eoweithed by their relative concentrations in the resulting homogeneous compound. As a result, the energy of the forbidden band Eo of the active layers in the active region is lower than En, and thus the charge carriers will be confined in the active region until their radiative recombination. In addition, the interdiffusion results in a change in the index of refraction, which assists in confining the pho tons locally in the active region (index of refraction higher in the active region than in the diffused region) .  FIG. 8 shows schematically the last steps of the fabri cation of, for example, a surface-emission laser accord ing to the present invention, as well as the final resulting device. First, the metal ohmic contacts 32 and 36 are deposited on the upper and lower surfaces of the laser, the extent of the contacts being defined either previ ously by masking or afterwards by etching.
Then the semitransparent mirror M1 is constructed, for example with dielectric multilayers. In a preferred embodiment, this mirror is fabricated by stacking layers of SiO2 and of TiO2. This mirror allows both to confine the photons in the optical cavity and to tap the laser light toward the outside to use it.
In the method according to the invention, there is only a single step of hetero-epitaxy with single-crystal growth: that for the distributed Bragg mirror and the passive and active regions. The interdiffusion of the active and intermediate layers outside and around the active region, caused by the addition of the doping impurity, has three functions: to establish a p-type re gion capable of providing holes, to laterally confine the free charge carriers and the photons in the active re gion, and to avoid the non-radiative recombination on the edges of the active region. The laser can thus be fabricated in great numbers on a single substrate, with a number of steps substantially reduced with respect to the prior art, and with better performance.
Moreover, the method according to the present in vention can easily be adapted, by adding a single step, to the fabrication of arrays of laser diodes in which the lasers can be individually controlled. To this end, the lasers are separated by a deep anisotropic etching in accordance with the methods known to those skilled in the art: chemical etching, laser ablation, ionic erosion, etc. The etching will go through the layer 2 and the homogeneous 111 p region to stop in the layer 1 or the mirror M2. In a next step, the ohmic contacts 32 are deposited by screen printing, photolitography or any other suitable method applicable by those skilled in the art, in accordance with a configuration of conductive traces that permits to address the various lasers in the array.
What is claimed is:
1. A method for implementing a surface-emission laser whose light emission occurs along a direction z perpendicular to the surface of said laser, comprising the steps of: epitaxially growing on a single-crystal substrate a single-crystal Bragg mirror made up of alternate layers of different compounds, said substrate and
